NMR measurement of cytosolic free calcium, free magnesium, and intracellular sodium in the aorta of the normal and spontaneously hypertensive rat.
We have utilized multinuclear NMR spectroscopy to examine the relationship between cytosolic free Ca2+ ([Ca2+]in), free Mg2+ ([Mg2+]in) and intracellular Na+ ([Na+]in) levels of the intact thoracic aorta and primary hypertension using the Wistar-Kyoto and Sprague-Dawley rats as controls and the spontaneously hypertensive rat as a model for genetic hypertension. Cytosolic free [Ca2+] was measured using 19F NMR of the intracellular Ca2+ indicator 5,5'-difluoro-1,2-bis-(o-aminophenoxy)ethane-N,N,N',N'-tetraacetic acid, free [Mg2+] using the 31P resonances of intracellular ATP, and intracellular [Na+] by 23Na NMR in combination with the extracellular shift reagent dysprosium tripolyphosphate. We have found that both the [Na+]in and [Ca2+]in levels were significantly increased in the hypertensive animals relative to normotensive controls (p less than 0.01). Mean systolic blood pressures (using tail cuff method) of control and hypertensive rats were 123 +/- 8 mm Hg (mean +/- 2 S.E., n = 7) and 159 +/- 6 mm Hg (mean +/- 2 S.E., n = 7), respectively. [Na+]in and [Ca2+]in were 21.9 +/- 6.4 mM (mean +/- 2 S.E., n = 7) and 277 +/- 28 nM (mean +/- 2 S.E., n = 5) for the spontaneously hypertensive rats versus 10.1 +/- 1.8 mM (mean +/- 2 S.E., n = 7) and 151 +/- 26 nM (mean +/- 2 S.E., n = 5) for control rats, respectively. A slight difference observed between intracellular free Mg2+ levels in hypertensives (180 +/- 38 microM, mean +/- 2 S.E., n = 4) and controls (246 +/- 76 microM, mean +/- 2 S.E., n = 4) was not statistically significant (p greater than 0.1). These data indicate alterations in the cell membrane ion transport function of the aortic smooth muscle in primary hypertension.